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ABSTRACT 

Stable de Sitter solutions in minimal F-term supergravity are known to lie 
close to Minkowski critical points. We consider a class of STU-models arising 
from type IIB compactifications with generalised fluxes. There, we apply an 
analytical method for solving the equations of motion for the moduli fields 
based on the idea of treating derivatives of the superpotential of different 
orders up to third as independent objects. In particular, supersymmetric and 
no-scale Minkowski solutions are singled out by physical reasons. Focusing 
on the study of dS vacua close to supersymmetric Minkowski points, we are 
able to elaborate a complete analytical treatment of the mass matrix based on 
the sGoldstino bound. This leads to a class of interesting universal dS vacua. 
We finally explore a similar possibility around no-scale Minkowski points and 
discuss some examples. 
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1 Introduction 

It remains a great challenge to construct meta-stable de Sitter (dS) solutions in string theory. 
A useful framework is provided by A/” = 1 supergravity specified through the choice of a 
real Kahler potential K and a holomorphic superpotential W. This is phenomenologically 
motivated, sufficiently restricted to provide non-trivial constraints, and general enough to 
allow for interesting solutions. To obtain a dS solution, supersymmetry needs to be broken, 
either through explicit breaking, e.g. by adding an anti-brane, or through spontaneous 
supersymmetry breaking when F-terms are turned on. 

Many of the most studied models in the literature, including those inspired by string the¬ 
ory, include exponential contributions to the superpotential motivated by non-perturbative 
effects [1]. These terms play a crucial role through their contribution to the stability of 
the models. This is the case in [2, 3], where attempts were made to find stable dS in a 
constructive way through spontaneous breaking of supersymmetry. The starting point for 
the constructions is either no-scale or supersymmetric Minkowski (Mkw). 

In no-scale theories supersymmetry is partially broken through an F-term, and the vac¬ 
uum energy guaranteed to be zero thanks to a translational invariance of the superpotential. 
The theory is then deformed so that the two or three fiat directions at the Mkw point be¬ 
come massive, while the vacuum energy is lifted to a positive value. These theories have a 
natural separation between the scale of SUSY-breaking (as given by the gravitino mass and 
the value of the superpotential), and the possibly small lifting to the positive cosmological 
constant of the dS. 
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A possible disadvantage of this scenario is that the same separation of scales also occurs 
between the gravitino mass and the much smaller uplifted masses of the no-scale directions. 
A way to remedy this is to turn to supersymmetric Mkw. There, the gravitino mass is small 
from the start, and the challenge is to break SUSY in such a way that all scalar masses 
become larger than the gravitino mass, while the cosmological constant remains small. 

The generic supersymmetric Mkw is fully stable and lacks flat directions. Unfortunately, 
as proven in [2], any small deformation of the superpotential (or the Kahler potental) just 
yields another supersymmetric vacuum - Mkw or AdS. Hence, one can never get a dS in 
this way. The proposed solution of [2] is to add a new held, referred to as a Polonyi held, to 
generate an additional, hat direction. The Mkw minimum can then be uplifted to a stable 
dS. Through appropriate choices of parameters, in [2] it is argued that all scalar masses can 
be made larger than the gravitino mass, and that the cosmological constant can be set at a 
still much smaller scale. 

A drawback of the non-perturbative models is that the exact form of the corrections 
is not known in general, and it may become difficult to blindly trust the results. One 
is therefore motivated to try to do without such non-perturbative ehects and generate dS 
solutions perturbatively. This has turned out to be remarkably complicated in simple string 
motivated examples, and various no-go results have been obtained in the context of geometric 
compactihcations of type II theories [4, 5, 6]. 

The natural models to study are the so called STU-models obtained through compactify- 
ing type IIB, type IIA (or M-theory) on twisted tori with orientifolds [7, 8, 9, 10, 11, 12, 13]. 
These models have an isotropic sector with three complex moduli [S, T and U), while the 
full non-isotropic theory has 7 complex moduli. Different theories are specihed through var¬ 
ious kinds of fluxes due to the metric and gauge helds living on the manifold. In order to 
hnd stable dS solution it has turned out to be crucial to turn on non-geometric fluxes, and 
explicit, successful examples can be found in refs [14, 15, 16]. 

The stable dS in [14, 15, 16] were all found to be close to Mkw vacua with no special 
properties. The aim of our work is to investigate the existence of examples close to either 
no-scale or fully supersymmetric Mkw. In this paper we will see that this is indeed the 
case. In fact, we will be able to show that all vacua generated through the addition of 
non-perturbative terms can be captured through the presence of non-geometric fluxes. The 
key to this is the fact that all the relevant properties of the vacua, including the properties 
of the mass matrix only depend on up to third derivatives of the superpotential. As we 
will see, the number of real degrees of freedom in the complex superpotential up to third 
order derivatives is 32, which coincides with the number of real fluxes in the most general 
duality invariant superpotential. From this point of view the non-perturbative terms do not 
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introduce anything new beyond the polynomial form. 

In case of no-scale, we will give examples of non-perturbative potentials admitting stable 
dS solutions approaching Mkw points with two as well as three massless directions. In both 
cases we provide the equivalent polynomial superpotential that gives the same values for the 
cosmological constant and the masses. We also provide the hrst example where one of the 
squared masses go through zero and changes sign at the no-scale point. The existence of 
such a possibility was argued for in [3] but no explicit example was provided. It is crucial 
that our example is of a more general type than those accessible through the exponential. 

In case of supersymmetric Mkw, our analysis more or less automatically selects the 
restricted class of points that have flat directions. Hence, we can hnd deformations that take 
us to dS vacua, and with some care these can be made stable. Our construction does not 
need the introduction of ad hoc Polonyi helds. 

The paper is organised as follows. In section 2 we review STU-models arising from 
type IIB compactihcations, and the duality-covariant form of their superpotential induced 
by generalised fluxes. In section 3 we outline a systematic way of solving the equations of 
motion, while keeping track of the stability of the theory close to Mkw or no-scale points. 
In section 4 we have collected all our explicit examples. Section 5 contains our conclusions 
and some outlook. We also provide two appendices that classify all supersymmetric Mkw 
points, as well as no-scale points, for the full polynomial superpotential. 

2 Type IIB compactifications with 03/07-planes 

Type IIB compactihcations on T®/ (Z 2 x Z 2 ) with 03/07-planes and D3/D7-branes as well 
as all dual backgrounds, can be incorporated within a class of A/” = 1 supergravity theories 
a.k.a. STU-models. Such 4D effective descriptions enjoy, in their isotropic incarnation, 
an SL(2)^ global symmetry which can be interpreted as string duality relating dual ten¬ 
dimensional backgrounds to each other. 

Isotropic STU-models of this type arise from the coupling between the gravity multiplet 
and three chiral multiplets. These theories are then free of vectors and possess a scalar sector 
containing three complex scalars denoted by 4/“ = (S', T, U) spanning the j coset. 

Adopting the type IIB language, the S modulus is the one that contains the ten-dimensional 
dilaton, whereas the T and U moduli are interpreted as Kahler and complex structure moduli 
respectively. 

The kinetic Lagrangian 

dSdS ^ dTdT ^ dUdU 

-i(S-S)f^ (->(T-T)f^ (-i(U-U)) 
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can be derived from the following Kahler potential 

7^ = - log {-I {S -S)) -3 log {-z (T - T)) - 3 log {-z {U - U)) . (2.2) 

Note that we are adopting a set of conventions where the imaginary parts of the complex 
helds are those ones carrying geometric meaning and hence they appear in the above Kahler 
potential and need to be strictly positive. The real parts, on the contrary, just represent 
axionic scalars and have no sign restriction. As a consequence, our choice for the origin of 
moduli space is given by 

So = To = Uo = z. (2.3) 

In this paper we will analyse different mechanisms giving rise to scalar potentials for the 
(S', T, U) moduli. Since there are no vector helds available, a potential cannot be induced 
by means of a gauging procedure. However, some other massive deformations turn out to 
be consistent with minimal supersymmetry. Such deformations are controlled by an arbi¬ 
trary holomorphic function W (S', T, U) called superpotential, which induces a scalar potential 
through 

V = e^ [-3\W\^ + DoW , (2.4) 

where is the inverse Kahler metric and D denotes the Kahler-covariant derivative. The 
value of |1K| at a given point in moduli space sets the scale of the gravitino mass, whereas 
the size of the F-terms |77hF|, which are responsible for supersymmetry breaking sets the 
mass scale of the spin- 7 fermions. 

There are mainly two distinct ways of inducing a holomorphic superpotential in the 
context of type II string compactihcations: a perturbative one and a non-perturbative one. 
The former includes the possibility of adding e.g. gauge fluxes and metric flux. Within the 
latter class instead, there appear phenomena such as gaugino condensation in the open-string 
sector or D-brane instanton effects. 

In the context of isotropic STU-models, sets of stable dS critical points have been found 
both with pertubatively [14, 15, 16] and non-pertubatively [17, 18] induced superpotentials. 
These critical points always turn out to be organised into thin regions in parameter space 
attached to a line of Mkw solutions. Following the strategy of searching for stable dS solutions 
around Mkw points, it becomes natural to study the possibility of deforming special Mkw 
solutions, e.g. of SUSY or no-scale type, into a stable dS vacuum. 

This work is inspired by the line of investigation opened up in refs [2, 3]. There, the 
importance of approximate no-scale dS vacua in particular is discussed and a technical ma¬ 
chinery is developed for constructing simple analytical families of such solutions. In the 
construction, the key ingredient seems to be the presence of a non-zero third derivative of 
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the superpotential w.r.t. the Kahler moduli. However, all explicit realisations shown there, 
seem to rely on the presence of non-perturbative effects, whereas the possibility of finding 
examples within perturbatively-induced superpotentials of polynomial type still remains to 
be verihed. 

The main goal of this paper will be that of testing STU-models with polynomial super¬ 
potentials induced by generalised fluxes when it comes to searching for dS solutions allowing 
for full analytical treatment. We will follow the approach of [2] in order to construct simple 
examples of stable dS vacua both close to SUSY Mkw and close to no-scale points. All of this 
will be achieved within a string-inspired STU-model with a duality-covariant superpotential. 

Perturbatively-induced superpotentials 

In the type IIB duality frame of our interest, gauge fluxes of F( 3 ) & H(^) type turn out to be 
allowed by a combination of the orbifold and orientifold involution, other RR gauge fluxes 
and metric flux in completely projected out. This is what identihes the complete set of type 
IIB geometric fluxes, i.e. deformations admitting a lOD understanding. 

In the following subsections we will see that superpotentials which are purely induced by 
gauge fluxes are unable to generate a dependence on the Kahler moduli. In order to obtain 
such a dependence in this context, one can add generalised fluxes obtained by acting on the 
geometric ones with a duality chain. 

Models with only gauge fluxes 

Type IIB compactifications with only ^(3) & if( 3 ) fluxes were originally studied in ref. [19]. 
These backgrounds are supported by the presence of 03-planes and D3-branes in flat geom¬ 
etry. The corresponding flux-induced superpotential reads [20] 

IUgkp = ao - 3ai U + - S (bo - 3biU + - &3 U^) , (2.5) 

Ra) ^(3) 

where all superpotential couplings are consistently chosen to be real thanks to our conven¬ 
tions (2.3) for the origin of moduli space. 

The Af = 1 supergravity defined by the above superpotential has a so-called no-scale 
symmetry due to the absence of the Kahler modulus T. This implies that its real and 
imaginary parts respectively appear as a completely flat and a run-away direction in the 
scalar potential. The latter in turn implies that the only maximally symmetric solutions 
that these models can have must be Minkowski. 
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Models with generalised fluxes 


Starting from a geometric STU-model, one can start acting with SL(2)^ transformations 
to obtain dual models. In this way, it becomes natural to conjecture the existence of a 
completely duality-covariant superpotential [21] containing all possible STU-terms up to 
linear in S and up to cubic in T & f/. We will now summarise here the correspondence 
between generalised isotropic fluxes and superpotential couplings appearing in the J\f = 1 
effective 4D description. The complete generalised flux-induced superpotential can be written 
as 


Ih-pert. = {Pf-PhS) + 3T {Pq -PpS) + 3T^ {Pq, - Pp, S) + T3 {Pp, - Pp, S) , (2.6) 

where^ the couplings in 

Pp = ao — 3 aiU + 3 a2U'^ — asU^ , Pp = bo — 3biU + 3b2U‘^ — , 

(2.7) 

Pq = Co + Cl 7/ - C 2 7/2 - C 3 7/3 , Pp = do + diU - ds 7/^ - 

are introduced and explained in table 1, whereas the details of the couplings in 
Pp, =a'3 + 3a'2 7/ + 3a'i7/2 + a7 7/3 , Pw = b'. + 3b'^U + 3b'^U‘^ + b'.U^ , 

(2.8) 

Pq, = -clj + c '2 7/ + c'l 7/2 - c'o 7/3 , Pp, = -d '3 + 47 / + d'l 7/^ - d'^ 7/3 , 

are given in table 2. The first half of the terms (see table 1) are characterised by lower powers 
in T, he. up to linear, and represent fluxes which admit a locally geometric interpretation 
in type IIB (unprimed fluxes). The remaining ones (primed fluxes) instead, appear with 
quadratic and cubic behaviour in T and represent additional generalised fluxes which do not 
even admit a locally geometric description. These were first formally introduced in ref. [22] 
as dual counterparts of the unprimed fluxes. 

Non-perturbatively-induced superpotentials 

Starting again from the geometric superpotential (2.5) induced by gauge fluxes, one could 
instead introduce non-perturbative effects in order to generate a T-dependence in the su¬ 
perpotential, which is typically exponential. Following the idea of [23], these could be used 
in order to further hx T in perturbatively-constructed dS solutions where it appears as a 

^Please note that, in principle, the truncation to the isotropic sector gives rise to 32-1-8 = 40 fluxes, where 
all the fluxes transforming in the mixed symmetry representations of GL( 6 ) (i.e. Q, P and their primed 
counterparts) have in fact two fluxes (ci, ci) etc. giving rise to one single coupling ( 2 ci — ci) etc., so without 
loss of generality, we set throughout the text ci = ci etc.. 
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couplings 

Type IIB 

fluxes 

1 

^ijk 

«o 

U 

F 

J- Ijc 

ffli 


^ibc 

02 


^abc 

03 


Hijk 

-bo 

su 

Hijc 

-bi 

SU^ 

^ibc 

-62 

SU^ 

^abc 

—63 

T 


Co 

TU 


Cl , Cl 

TU^ 

QP = QP^ , QP 

C2 ) C 2 

TU^ 

QP 

C3 

ST 

PP” 

—do 

STU 

PP^ = , Pp'^ 

—di , —di 

STU^ 

Pp = PP^ , Pp^ 

— d2 , —3.2 

STU^ 

p 
^ c 

—do 


Table 1: Mapping between unprimed fluxes and couplings in the superpotential in type IIB 
with 03 and 01. The six internal directions are split into “ — ” labelled by i = 1,3,5 and 
“ I ” labelled by a = 2, 4, 6 . 

run-away direction. Such non-perturbative effects can thus be seen as an alternative way of 
breaking the no-scale symmetry of (2.5) w.r.t. generalised fluxes. 

As mentioned earlier, amongst possible mechanisms to generate this type of superpo¬ 
tentials, we hnd the phenomenon of gaugino condensation within the gauge theory sector 
living on D7-branes or D-brane instanton effects. In particular, the line of including gaugino 
condensation [24] has been considered in the literature as a possible mechanism to further 
stabilise the Kahler moduli (see e.g. refs [25, 26]). 

A fairly generic prototype of non-perturbatively-induced superpotential can be written 
as 

Ib-non-pert. = {Pp - Ph S) + Pz , (2.9) 

^^ 

Wgkp 
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couplings 

Type IIB 

fluxes 

T3 f/3 

plijk 

a'o 

1/2 

pfijc 

a'l 

T^U 

pfihc 

a '2 

T3 

j^/abc 

a'3 

Sps 


-b'o 

ST^ 1/2 


-b[ 

ST^U 

^/ibc 

-b '2 

ST^ 

^/abc 

-b's 

T2 

Q'a,^ 

Co 

T2 f/2 

k k /-\i a 

W aj — ib 7 W be 

c'l , c( 

T^U 

= Q'a/ , Q'i," 

C2 ) C2 

T2 


C3 

ST2 

pi k 
^ ab 

-d'o 

ST^ 1/2 

r>f k _ p/ ^ p/ ^ 

^ aj — ^ ib ^ be 

-d[ , -d[ 

ST^U 

pf c _ pf c p! k 

^ ib — aj ^ ij 

— (^2 ) “^2 

ST^ 

pf ^ 

^ ij 

-d's 


Table 2: Mapping between primed fluxes and couplings in the superpotential. The conventions 
are the same as in table 1. 

where Pz is a priori an arbitrary holomorphic function of S' & and a > 0 is some charac¬ 
teristic constant that depends on the physics of the explicit non-perturbative phenomenon 
in question Unfortunately, not much is known about the explicit form of the function 
Pz{S,U) since it would be extremely difficult to compute from stringy principles. In the 
construction of ref. [1], an argument was presented that would allow one to ignore such 
an (S', U)-dependence in Pz, thus reducing the prefactor in front of the exponential to a 
constant, at least in the large volume regime. 

^In the case of gaugino condensation, a rough estimation for a is ^, fV being the rank of the corresponding 
SU(A^) gauge group. 




3 Solving the field equations systematically 


In order to solve the field equations for the six real scalars in the STU-model of our interest 
and find maximally symmetric solutions, we combine two crucial observations that transform 
the extremality conditions for the scalar potential (2.4) into an algebraic system of linear 
equations in the superpotential couplings. 

The first fact that we use is that a general non-compact SL(2)^ duality transformation 
takes any point in moduli space to the origin (2.3). This statement holds for any supergravity 
model in which the scalars span a homogenous space, just as e.g., ^ gQ( 2 ) j ■ Due to the 
general form of the scalar potential, the formulation of its extremality conditions in the origin 
is just given by a set of six algebraic quadratic equations in the superpotential couplings. 

Not only does this simplify the problem significantly, but such a restricted search for 
critical points can even turn out to be exhaustive if one moreover includes a set of superpo¬ 
tential terms which happens to be closed under non-compact duality transformations [11]. 
In our case, for a pertubatively-induced superpotential, this is in particular true if one keeps 
the complete duality-invariant superpotential given in (2.6). 

It may be worth mentioning that, for the case of non-pertubatively induced superpoten¬ 
tials of the type in (2.9), such a search for solutions will generically imply a loss of generality. 
This is specifically related to the fact that the SL(2)r symmetry appears to be broken by 
the presence of the exponential term (2.9), unless a non-trivial compensating transformation 
under SL(2)r is allowed for the constant a appearing there. 

The second prescription that we make use of, is that of treating the derivatives of the 
superpotential w.r.t. the three complex fields as independent quantities. This line of inves¬ 
tigation was first pursued in ref. [15] where the so-called SUSY-breaking parameters were 
introduced. By looking at the form of the F-terms in the origin of moduli space, 

Fo = = constants , (3.1) 

one can reexpress six of the fluxes as functions of the above constants. Upon doing so, one 
can use the remaining fluxes to easily solve the field equations, since they can appear there 
at most linearly. 

However, it was later noted in ref. [2] that such a method is nothing but an overcon¬ 
strained case of the more general situation where all derivatives of the superpotential evalu¬ 
ated in the origin up to third order take part in a various-step-procedure. Specifically, if one 
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starts out with the following arbitrary cubic superpotential^ 

W ($“) = fbo + ^ ^ ^ (3,2) 

where <h" = {S — i, T — i, U — i) and all W derivatives appear as arbitrary complex num¬ 
bers, one can: 


• Choose hho in order to fix the gravitino mass scale, 

• Choose Wa in order to £x the SUSY-breaking scale, 

• Fix part of the IFa/j’s in order to solve the field equations (where they only appear 
linearly), while suitably choosing the remaining ones, 

• Fix Wap'-/ such that the mass matrix (where, as well, they only appear linearly) be 
positive definite. 


The mass matrix for the six real moduli fields at a critical point has the following general 
form 


= 


K^^D^DyV D^D-pV 
K^^D^DpV K^^D^DpV 


K^^V^p K^^V^p 


(3.3) 


where Vap etc. just denote ordinary derivatives of V w.r.t. the complex fields \h“. In order 
to significantly simplify the problem of getting all positive eigenvalues and hence construct 
proper minima of the potential, it might be very useful in some cases to observe [2] that the 
mass matrix becomes block-diagonal upon imposing Vap = 0. Such a condition, which can 
be easily solved in terms of the Way'y, also turns out to enforce a pairwise organisation of 
the mass spectrum, which will in such cases only possess three distinct eigenvalues. 

The positivity of the cosmological constant, instead, is here controlled by the sign of the 
following quadratic combination 


Vo cc -3 \WX + \W„ + 


(3.4) 


which means that such a procedure can systematically produce analytical stable dS solutions 
provided that all the different complex coefficients in the (3.2) can be hxed independently. 

Due to the form of the Kahler potential (2.2), we should restrict to those complex coef¬ 
ficients that do not generate superpotential terms with degree higher than one w.r.t. S, i.e. 

^Such a form of the superpotential might even be supported by geometric arguments, like e.g. those in 
ref. [27], where a cubic term of this form was proposed in order to reproduce truncations of some particular 
gaugings in maximal supergravity describing relevant M-theory compactifications including the 7-sphere. 
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Wss = = ^SST = Wssu = 0. This implies that the most general parametrisation 

of the form (3.2) compatible with the class of STU-models presented in section 2 counts 16 
complex parameters, of which 1 is given by Wq, 3 by Wa, 5 by Wa/i and the remaining 7 by 

The hnal crucial observation is now that such a parameter space is in one-to-one cor¬ 
respondence with the complete set of 32 real superpotential couplings collected in tables 1 
and 2 describing the most general duality-invariant superpotential for our STU-model. The 
mapping relating generalised fluxes to complex superpotential derivatives is, in fact, linear 
and invertible. This in particular implies that, whenever a stable dS solution is found for a 
certain superpotential derivative conhguration, this will always admit an STU-realisation in 
terms of 32 generalised perturbative fluxes. 

Stable dS vacua close to SUSY Mkw points 

Let us now apply the above prescription in order to hnd interesting dS vacua obtained by 
starting from a SUSY Mkw solution and subsequently breaking SUSY by small amounts. The 
details concerning the most general supersymmetric Mkw solution within our STU-model 
can be found in appendix A. 

In order to apply the above formalism, we hrst need to understand our Mkw points in 
the language of W derivatives. These are identihed by the following choice: 

lUo = 0 , and Wa = 0 , a = S,T,U , (3.5) 

whereas all the other 12 complex higher derivatives stay completely arbitrary. One can check 
that the above choice already automatically implies the held equations and guarantees the 
(semi-)positiveness of the mass matrix. 

Now we need to construct a consistent Ansatz to break SUSY by small amounts and 
hence move away from the SUSY Mkw critical point. To this end, we introduce a small 
parameter e, i.e. such that |e| 1, that can be taken to zero whenever one wants to 

go back to the supersymmetric situation. Here we can make use of the no-go theorem in 
ref. [2], which guarantees that our construction automatically selects points close to a SUSY 
Mkw with two real massless directions. Without hat directions the theorem only allows for 
deformations into other SUSY points, and any dS critical point is excluded. 

Such a deformation Ansatz reads 

Wq = ko€ , and Wa = «„ e , (3.6) 

where (kq, ks, kt, njj) are arbitrary complex numbers of 0(1). By plugging the (3.6) into 
the held equations, the second derivatives of W can only appear there linearly. Hence, one 
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can use six out of the ten real independent parameters in Wa/i in order to find extrema of 
the potential. The other four of them can be arbitrarily chosen. 

As far as the mass matrix is concerned, the remarkable feature of these dS points close 
to a SUSY Mkw with two flat directions is that the light directions always coincide with the 
two real sGoldstini 

9. = . (3.7) 

\/F)F^ 

i.e. the superpartners of the Goldstone fermions responsible for the SUSY-breaking mech¬ 
anism. This implies that these are the only directions that can turn into tachyons in the 

small e limit. 

At this point it is useful to impose the pairwise degeneracy condition for the mass spec¬ 
trum, i.e. Vap = 0, in order for the two sGoldstini directions to become degenerate. Such 
a situation turns out to be very special since it produces two sGoldstini directions with the 
same mass given by their average, which happens to be subject to a universal geometric 
stability bound [28, 29] 

VsG = > 0, (3.8) 

V 37 7 

where 7 = and TZ = TZag^s denotes the sectional curvature of the Kahler 

manifold along the ga plane. As already noted in ref. [15], the sectional curvature can be 
rewritten asTZ = —, where 


^efF 



(F„F“f 
(FrF^)" + i 



(3.9) 


effectively represents the number of complex helds^ taking part in the SUSY-breaking mech¬ 
anism. As an interesting consequence, the geometric bound in (3.8) only depends on infor¬ 
mation encoded in the zero-th & hrst derivatives of the superpotential, i.e. lUo & Wa, which 
are parametrised by (kq, ^ 5 , kt, i^u) as in (3.6) close to a SUSY Mkw point. 

Summarising, one can adopt the following combination of a system of equalities and a 
system of inequalities 


U„ = 0 

Uq ,/3 = 0 


and 


7 > 0 

n^j > 3(1+7) 


(3.10) 


^The quantity UeS is only defined when SUSY is broken and it ranges from 1 to 7. The field S has weight 
one, whereas T k: U have weight three due to the origin of this STU-model as the isotropic limit of the 
SL(2)^ model. 
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as a constructive procedure in order to analytically produce simple examples of stable dS 
vacua close to a SUSY Mkw critical point. We remind the reader that the two sets of 
equations on the left can be both linearly solved by hxing six real parameters within Wap 
and ten real parameters in Wap^-, respectively. The inequalities on the right, can instead be 
satished by suitably choosing kq & k^’s. It is worth mentioning that the whole construction 
still leaves 4 + 4 = 8 real free parameters within the second and third W derivatives. 

In section 4, we will present an explicit example of dS vacuum close to a SUSY Mkw 
point within our class of STU-models inspired by type IIB compactihcations with generalised 
fluxes, which was obtained by following the above procedure. 

Stable dS vacua close to no-scale Mkw points 

Another simple way of constructing Mkw points stable up to flat directions, is to consider the 
so-called no-scale models, where SUSY is broken by large amounts but only in a single direc¬ 
tion (usually T in our notation) in such a way that the corresponding F-term contribution 
to the potential exactly cancels the negative contribution from —3|IUp. 

A realisation of a no-scale supergravity model is given by the GKP superpotential (2.5) 
arising from type IIB compactihcations with NS-NS and R-R 3-form gauge huxes. The 
possibility of obtaining stable dS solutions in this context was hrst considered in ref. [30] and 
later extensively studied in refs [2, 3], where explicit examples of analytical stable dS solutions 
close to no-scale Mkw points are constructed by means of non-perturbative superpotentials 
of the type (2.9). 

These examples making use of non-perturbative effects are special realisations of super¬ 
potentials within the class given in (3.2) with non-trivial zero-th, hrst, second and third 
derivatives. Due to the correspondence shown in the beginning of this section, they all have 
a realisation within perturbative (polynomial) superpotentials with generalised huxes. In 
the next section, by making use of this correspondence, we will be able to present stable dS 
examples close to no-scale points with both two and three massless directions, in the context 
of our STU-model with 32 generalised huxes. 

In order to go beyond the pre-existing examples borrowed from non-perturbative models 
and construct new solutions close to no-scale Mkw points from scratch, in analogy with the 
SUSY case, we need to understand no-scale points in the language of W derivatives. No-scale 


13 



Mkw points are identified by 


Wq = arbitrary 


1^5 = -KsWo 
Wu = -KuWo 


( Wt = ^ 

\ ST — ~ bbrr = 0 

I STU ~ ^^TUU ~ ^^STT ~ ^^TTU ~ Wj^xT ~ 0 


(3.11) 


whereas all the other complex derivatives stay completely aribitrary. One can check that 
the above choice already automatically implies the held equations and guarantees the semi- 
positiveness of the mass matrix. Generically these Mkw solutions will have two hat directions, 
but upon imposing a degeneracy condition on the remaining free parameters, one will hit 
special no-scale points with an extra massless mode. 

By translating the conditions in (3.11) into the language of generalised huxes, one gets 
easily convinced of the existence of generalised no-scale points, i.e. for which the explicit 
hux-induced superpotential may in general depend on T, but in such a way that all its T 
derivatives up to third order vanish. An exhaustive classihcation of such models is presented 
in appendix B. 

Now we can move away from the generalised no-scale points dehned by the conditions in 
(3.11) by deforming them into the following Ansatz for the hrst W derivatives 


j Ws — —KsWq + Use , 

\ Wt = ktc , (3.12) 

[ Wu = —Ku Wq ku e , 

where e is again a small real parameter and {ks, kt, ku) are arbitrary 0{1) complex param¬ 
eters. By hxing some of the Wags, in order to solve the held equations lineraly, one correctly 
approaches a generalised no-scale point with two light directions that are generically lifted 
at quadratic order in e, just like in those solutions which are obtained from adding non- 
perturbative ehects. In this situation, hxing some Wag-^A to solve the condition Vag = 0 
can be very helpful in hnding stable dS critical points. 

On the other hand, in order to approach a generalised no-scale Mkw with three hat 
directions, it turns out that one needs to violate such a condition since having an odd number 

of massless modes is not compatible with the pairwise organisation of the mass spectrum 

that it causes. In the next section we will show an example of a dS solution exhibiting 
three light modes, two of which are lifted at 0{e^) while the extra one is lifted at 0{e), thus 
providing the hrst realisation of the general situation discussed in ref. [3]. 
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4 Relevant Examples 


In this section we will present explicit analytical examples of (stable) dS solutions obtained 
by making use of the technical machinery presented in section 3. We will hrst start by 
giving a generalised-flux realisation of stable dS close to a SUSY Mkw; in this case we will 
have two light modes lifted at 0(€^). Secondly, we will move to discussing dS solutions 
close to no-scale Mkw points. There we will present both generalised-flux realisations of 
solutions borrowed from non-perturbative superpotentials and new examples which cannot 
be interpreted as coming from such exponential superpotentials. Only within these new cases 
will we be able to hnd the hrst realisation of an approximate no-scale dS solution with three 
light modes, one of which is lifted at linear level, while the other two get lifted at quadratic 
level. However, such a solution will turn out to be unstable. 

Stable dS close to a SUSY Mkw point 

This is a simple example of the application of the constraints in (3.10). A particularly simple 
choice that reduces the number of involved real parameters from 6 to 1 is 

Ut = ((1 + 0 e , (At + f) e , (l-|-i)e), (4.1) 

where At can then be seen as a relative scaling between Re[FT] and Re[F 5 ] or Re[F( 7 ]. 
In the language of the prescription given in (3.6), we may additionally pick 0(e) terms for 
Wq and write 


H''o=(^ + |)€ , . H'T = (AT + l-3i)£ , Wu = {2-3i)e. 

(4.2) 

Hence the cosmological constant takes the form 




(4.3) 


This two-parameter set of solutions can then be run through the inequalities in (3.10) 
which at 0{e^) provide the simple bounds 

(l5 + 73^) < At < - 2 V 2 or 2^2 < At < (l5 + (4.4) 

The equations in (3.10) can be solved to £x Wst, Wtt and Wtu (with Vk = 0) as well as 
WsTT, WsTU, Wttt, Wttu and Wtuu (with Va/s = 0). Then it only remains to choose values 
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flux labels 

flux values 

ao 

347 12859 

39304 235824^ 

ai 

231 1 25591 

9826 “C 235824^ 

02 

407 1 33905 

29478 ' 235824^ 

03 

623 18281 

39304 235824 ^ 

bo 

2029 19429 

39304 78608 ^ 

hi 

13945 1 5311 

353736 ' 235824^ 

&2 

2455 18209 

176868 78608^ 

bo 

1349 , 10481 

9826 “C 78608^ 

Co 

3749 37007 

58956 78608 ^ 

Cl 

9661 158563 

117912 235824^ 

C2 

4241 12115 

353736 78608 ^ 

C3 

2569 143 

58956 235824^ 

do 

15107 1 45635 

176868 ' 235824^ 

di 

1625 1 3083 

58956 ' 78608 ^ 

d2 

20293 10159 

117912 78608^ 

do 

11795 1 11821 

353736 ' 235824^ 


flux labels 

flux values 

o'o 

1333 1 20613 

39304 ' 78608^ 

o[ 

6943 1 78155 

176868 ' 235824^ 

02 

4307 1 15851 

176868 ' 235824^ 

o'o 

23869 1 253991 

117912 ' 235824^ 

b'o 

133 1 6347 

19652 ' 235824^ 

b'l 

110 10311 

14739 78608 ^ 

b'2 

8225 32561 

353736 235824^ 

b'o 

3441 1 119707 

39304 ' 235824^ 

c'o 

2681 1 7843 

88434 ' 235824 ^ 

c'l 

43471 1 95315 

353736 ' 235824^ 

c '2 

32513 46999 

353736 78608 ^ 

4 

1691 27649 

14739 235824^ 

d'o 

1075 9989 

117912 235824^ 

d'l 

32869 12817 

353736 235824^ 

d '2 

1370 66721 

14739 235824^ 

d'o 

2578 23815 

44217 78608^ 


Table 3: An explicit example of a generalised flux realisation of a stable dS solution which 
analytically approaches a SUSY Mkw point as e —)■ 0. It may be checked explicitly that the 
0-th order values of the fluxes define a SUSY Mkw solution with two flat directions. 
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Figure 1: Stable (red) and dS (blue) points for solutions close to a SUSY Mkw point (in the 
origin). The axes correspond to Re[F 5 ] = e and Re[FT] = Are. 

for the 8 remaining free real parameters. Here we will present one particular realization of 
fluxes obtained with 

Wsu = ^ (1 + i) , Wuu = ^ ’ Wsuu = Wuuu = 0 • (4.5) 

If Xt is left arbitrary, then these solutions become a set parameterised solely by e and 
Xt- To see their behaviour, we study the values of the cosmological constant and stability 
regions in a plot of Re [Ft] vs RefF^j (see hgure 1). This plot can be seen as a polar plot, 
in which the origin corresponds to a SUSY Mkw point. From (4.1) we see that in the 
plot arctan(AT) is the corresponding polar angle and any point lays at a radial distance of 
y/Re[F5]2 + Re[FT]^ = + A^ e from a SUSY point. 

The superposition of the stable regions (red) and dS regions (blue) is then clear and this 
overlap can be understood quite naturally as merely a manifestation of (4.4). It should be 
pointed out that the origin of this plot represents a different SUSY Mkw solution for each 
direction in which one approaches it, i.e. the Mkw point depends on Xt- 

In order to be more concise, we present the explicit solution with At = 4. The fluxes 
resulting fluxes are given in table 3. Due to its linear dependence, the limit e —)■ 0 can be 
read quite easily. As it was discussed before, the eigenvalues of j are organised by 
pairs. For At = 4 they take the values 
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1 


3511 - 31V6061 


3511 + 3iy6(m 


+ 0{e^) , , 

' \ / ' 1 or^or^o ' \ / 5 -1 0^70 r^o V / 


187272 


187272 


(4.6) 


and the cosmological constant is then simply 


(4.7) 


Stable dS close to no-scale 

Two examples will be discussed of stable dS close to no-scale points. We will use a special 
kind of solutions connected to (3.12), which were originally motivated by non-perturbative 
superpotentials of the kind of (2.9). Due to the simple mapping between 16 complex values of 
the W derivatives and a 32 fluxes superpotential, it was possible to construct non-geometric 
polinomial superpotentials that share the same fundamental physical properties. We will 
provide explicit solutions making emphasis on this equivalence. 

For these examples it is sufficient to consider superpotentials with the functional form of 
(2.9) 


= (Pf -PhS) + Pz , (4.8) 

with 

Pz — (cio + i cxi) { 0:2 + f CI 3 ) U , (4-9) 

with ao, tti, 0:2 and 0:3 being real parameters. As it was mentioned, conditions (3.5) dehne 
a no-scale point. We may also start, as we did in the previous examples, by establishing a 
particular behaviour for the supersymmetry braking parameters. By doing so, it can readily 
be seen that the O(e^) terms in Re[F'r] characterise the 0{e^) values of IFo via Wt = 0 and, 
via equations of motion or (3.5), the C>(e°) values of Ws and Wu as well. Hence, with this 
approach much of the freedom left is in the higher order terms in e. 

In the present examples we will not enforce Vap = 0. This is partly motivated by the fact 
that we want to show some explicit realizations of no-scale points with 3 massless modes. But 
most importantly, in the superpotential (4.8) we have 12 real fluxes which naturally £t with 
a description in terms of 6 real supersymmetry breaking parameters and 6 real constraints 
placed by the equations of motion (see [15]). Hence, once picked with the required e —)■ 0 
limit, exact and well defined solutions can be found, with e parameterizing a continuous 
trajectory from the chosen Mkw point. 
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Figure 2: Stable (red) and dS (blue) points for solutions close to a no-scale point (in the 
origin). The axes correspond to Re[F 5 ] = e and Re[F; 7 ] = Xu e. Each plot shows a different 
scale. The regions of overlap are connected no-scale points with 2 massless modes. 

In this case it will be sufficient to break supersymmetry as 

Fa = (e, I 5 Ajye) . (4-10) 

Solutions corresponding to this choice are then parameterised in terms of e, Xu and the 
exponent factor in the non-perturbative term a. The 0{e^) behaviour will be naturally of 
the no-scale type. This is all the background we need to hnd examples of stable dS close to 
no-scale points with 2 or 3 massless modes. In analogy with the SUSY case, Xu will help 
us parameterise the direction in which we approach no-scale points. In particular, it will 
determine whether we land in a 2 or 3 massless Mkw. In addition, these no-scale points will 
be of the GKP type. We will present simultaneously their corresponding manifestations as 
32 fluxes models, in which, interestingly, only 16 will end up being different from 0. Hence, 
through this map, we will hnd for free non-geometric polynomial superpotentials with 16 
huxes that show dS close to a no-scale point. 

For instance, if one picks a = |, very interesting physics occurs. The corresponding 
solution in terms of the 12 huxes of the non-perturbative superpotential (4.8) is given in 
the left part of table 4 for Xu = 2,. As explained, we may compute the corresponding 
W derivatives and then map them into the 32 huxes non-geometric superpotential. The 
resulting solution is given in table 5. The fact that only 16 are non-zero is related to the 
fact that the W derivatives have a very particular parity: Wo, Wap are all imaginary while 
Wa and Wa/S'y are all real (notice that the chosen supersymmetry braking parameters are all 
real). 
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labels 

values 

Oo 

0 

Oi 

38425e=*+7045e2+990e+24 

7800e2+8880e+576 

02 

0 

03 

375e^+4215e^-566e-120 

24(325e2+370e+24) 

bo 

-2175e=’-600e2+877e+60 

3900e2+4440e+288 

bi 

0 

^2 

1525e^-740e^ + 105e+12 
3900e2+4440e+288 

bs 

0 

ao 

0 

CXi 

25e2/^e(l05e2 + 19e-12) 

4(325e2+370e+24) 

Oi2 

75e2/5e(245e2 + 17e-4) 
4(325e2+370e+24) 

ao 

0 


labels 

values 

Oq 

0 

Ol 

e(1315e+506) 

33(20e+31) 

02 

0 

03 

75e2+25e-31 

60e+93 

ho 

-75e2-25e+31 

60e+93 

hi 

0 

h2 

(16-25e)e 

60e+93 

ho 

0 

ao 

0 

CXi 

0 

a2 

600e“/i°e2 

220e+341 

ao 

0 


Table 4: Two examples of stable dS solutions analytically connected to a 2-massless (left) 
and 3-massless (right) no-scale Mkw point realised within a non-perturbative superpotential 
of the type in (2.9). 
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flux labels 

flux values 

Oo 

0 

Oi 

-201065e3 + 193449e2+39660e+960 

960(325e2+370e+24) 

02 

0 

03 

229515e^ + 189541e2-31460e-4800 
960(325e2+370e+24) 

bo 

-45165e3-681l£2+39740e+4800 

960(325e2+370e+24) 

bi 

0 


10385e3-73001e2 + 15540e+960 
960(325e2+370e+24) 

bs 

0 

Co 

e(ll4205e2 + 14707e-7820) 
320(325e2+370e+24) 

Cl 

0 

C2 

e(65765e2-2149e+4820) 

320(325e2+370e+24) 

Cs 

0 

do 

0 

di 

e(31465e2-4529e+5380) 

320(325e2+370e+24) 

d2 

0 

do 

e(lll615e2 + 13801e-7140) 
960(325e2+370e+24) 


flux labels 

flux values 

a'o 

0 

o'l 

e(8715e2+6661e-5460) 

960(325e2+370e+24) 

O2 

0 

O3 

£(l91835e2 + 18149e-7380) 

960(325e2+370e+24) 

b'o 

£ (128835e2 +41189e-30420) 
960(325e2+370e+24) 

b'l 

0 

b'2 

e(lll615e2 + 13801e-7140) 
960(325e2+370e+24) 

b'o 

0 

c'o 

e(945e2+2303e-1980) 

320(325e2+370e+24) 

c'l 

0 

c'2 

e(20685e2-4621e+4980) 

320(325e2+370e+24) 

C 3 

0 

d'o 

0 

d[ 

e (31465e2 -4529e+5380) 
320(325e2+370e+24) 

d'2 

0 

d'o 

£(lll615e2 + 13801e-7140) 

960(325e2+370e+24) 


Table 5: An example of a non-geometrie superpotential whieh analytieally conneets a 2- 
massless no-seale Mkw point with stable dS. This is the result of mapping the first solution 
given in table 4 into the 32 fluxes model. 
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With e and Xu arbitrary, we may make plots looking for stability and dS points around 
the no-scale point. In hgure 2 we show Re[Fs] vs Re[Fu]. As before, the origin corresponds 
to a Mkw point while arctan(Ac/) corresponds to the polar angle. The origin is a distinct 
no-scale point depending on the value of Xu- In particular, if Xu takes any of the values —3, 
—1 , 1 or 3, the no-scale point has 3 massless modes. Any other direction lands in a no-scale 
with 2 massless modes. 

For this value of a, it can be seen that none of the 3-massless directions lands in stable 
dS (i.e. they land in stable Ads, unstable dS or unstable AdS). The superposition of the 
stable (red) and dS (blue) regions is clear and a particular realization of stable dS close to a 
no-scale with 2 massless modes is found when Xu = 2. Notice also that, once we zoom out 
from the no-scale point, interesting phenomena are also manifest around other Mkw points. 
The cosmological constant with a = ^ and Af/ = 2 is 




(870625e^ - 2038756^ + 782006^ + 5240e - 96) 
48 (325e2 + 370e + 24)^ 


= ^ 2 _ 1 ^ 3 ^ 0 ( 4 ) 

288 3456 ^ ^ 

while the eigenvalues of (m^)^j take the values 


(4.11) 

(4.12) 


+ (^( 6 =*) , 


+ , 


— + O(e^) , — + O(e^) . 

2700 ^ ^ ’ 1152 ^ ^ 

95 1 

- + C>(eA and - + C>(eA , 

1152 ^ ^ 128 ^ ^ 


The superpotential 


(4.13) 

(4.14) 


w = i (3St;= - 5S + sc;’ - 3c;) +c»(e'), ( 4 . 15 ) 

is clearly of the GKP type at C>(e°). 

To see an example of stable dS close to a no-scale wth 3-massless modes one can simple 
take q; = and Ajj = 1. The solutions in terms of the 12 parameters in the non-perturbative 
superpotential can be seen in the right part of table 4 while its non-geometric counterpart is 
given in table 6. It shares many of the features we discussed previously. The corresponding 
potential is then 



(4.17) 



flux labels 

flux values 

Oo 

0 

Oi 

23(160-31e)e 

240(20e+31) 

02 

0 

03 

8253e^+2000e-2480 

240(20e+31) 

bo 

-8253e2-2000e+2480 

4800e+7440 

bi 

0 

b2 

(1280-1007e)e 

240(20e+31) 

bo 

0 

Co 

751e^ 

80(20e+31) 

Cl 

0 

C2 

1833e2 

80(20e+31) 

C3 

0 

do 

0 

d\ 

1413e^ 

80(20e+31) 

d2 

0 

do 

OOle^ 

80(20e+31) 


flux labels 

flux values 

o'o 

0 

o'l 

896^ 

80(20e+31) 

a '2 

0 

a'o 

5096^ 

80(20e+31) 

b'o 

751e2 

80(20e+31) 

b'o 

0 

b '2 

OOle^ 

80(20e+31) 

b'o 

0 

c'o 

331e2 

80(20e+31) 

c'l 

0 

C 2 

227e^ 

80(20e+31) 

4 

0 

d'o 

0 

d[ 

1413e^ 

80(20e+31) 

d '2 

0 

d'o 

331e2 

80(20e+31) 


Table 6: An example of a non-geometrie superpotential whieh analytieally conneets a 3- 
massless no-seale Mkw point with stable dS. This is the result of mapping the seeond solution 
given in table 4 into the 32 fluxes model. 
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Figure 3: Eigenvalues of {mfYj (red) as a function of e, shown in a loglog plot for a stable 
dS solution close to a no-scale point with 3 massless states. For reference, linear (blue), 
guadratic (yellow) and cubic (green) dependences are shown. Two of the massive states 
share a similar value (around 10“^ 

exhibits, as expected, a simple GKP form. 

and the scaling behaviour of the eigenvalues of can be observed in figure 3. Notice 

that in this case all the massless modes grow quadratically. We will discuss an example with 
a mass growing linearly with e in the next subsection. The 0{e^) superpotential 

W =]- {U^ - S)+0{e^) , (4.18) 

o 

exhibits, as expected, a simple GKP form. 

It is worth mentioning that there exist plenty of approximately no-scale stable dS so¬ 
lutions which can be constructed analytically without the aid of explicit non-perturbative 
terms by using the procedure sketched in section 3 which may be combined with solving 
the pairwise degeneracy constraint for the mass matrix Vag = 0. These solutions generi- 
cally approach no-scale Mkw points with two flat directions, but of a generalised type (see 
appendix B). 


Massless Mode lifted at linear order 


This particular example shows a solution that moves continuously from a no-scale Mkw 
point with 3 massless modes to an unstable dS. One of the massless modes is lifted at 0{e^) 
and becomes positive for positive e. Nevertheless, there is a massless mode that becomes 
tachyonic with a negative 0{e^) term. This specihc solution is given in table 7. 

While the cosmological constant takes the simple form 


V = 


12 ’ 


(4.19) 
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Figure 4: Eigenvalues of {rri^Y j (red) as a function of e, shown in a loglog plot for an unstable 
dS solution close to a no-scale point with 3 massless states. In the plot on the left we see the 
5 positive masses (notice that one is linear). Two of the massive states share a similar value 
(around 0.003). The sixth mass is negative and in the plot on the right we plot its absolute 
value. For reference, linear (blue), and guadratic (yellow) dependences are shown. 

the described scaling behaviour of the masses can be observed in hgure 4. 

5 Conclusions 

In this paper we have shown how dS vacua can be constructed close to no-scale as well as 
supersymmetric Mkw points using a polynomial superpotential with non-geometric fluxes. 
As far as the existence of critical points and the features of the corresponding mass spectra 
are concerned, the superpotential with generalised fluxes covers all possibilities, and explicit 
non-perturbative terms will not bring in anything new. 

The case of supersymmetric Mkw is particularly interesting. In contrast to previous 
constructions, such as [2], we did not need to add a Polonyi held to be able to break super- 
symmetry. Instead, we managed to arrange for hat directions already within the STU-model 
itself. However, whether it is actually possible to tune parameters to obtain the desired 
hierarchy with V <C ^^igravitino ^ ^Laiars still remains to be seen. The large mass of the 
Polonyi held of [2] was arranged through tuning of its Kahler potential. Since we have a 
large number of huxes available we expect to be able to perform similar tunings in our case. 
It would be interesting to try to construct a phenomenologically viable example and we hope 
to come back to this issue in the future. 

In contrast to the non-perturbative terms the generalised huxes are fully determined 
by string dualities and the number of parameters limited to 32. Furthermore, a picture is 
emerging where at least some combinations of the non-geometric huxes can be given a fully 
geometric interpretation through compactihcations of string/M-theory on other topologies 
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than twisted tori [31]. Examples includes M-theory on and on x T^. 

It will be interesting to see whether any of the stable dS vacua that can be constructed 
using the techniques of this paper can be given a fully geometric interpretation. Which 
features of the topology will be crucial for success? The advantage of such a solution is 
that it will be under hrm controll from within supergravity and not dependent upon non- 
perturbative and string-inspired corrections under limited control. 
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A Classification of SUSY Mkw solutions 


We start from the duality-covariant superpotential in (2.6) and study the most general 
SUSY Mkw solution within this STU-model. To this end, one needs to impose the following 
conditions 

fU = 0 , Fs = Ft = Fu = Q , (A.l) 

Solutions to the above equations may be exhaustively studied in the origin of moduli space 
(2.3), where the problem reduces to a system of eight real linear homogenous equations in 
the 32 superpotential couplings of tables 1 and 2. The complete space of solutions is then 
spanned by 24 independent generalised fluxes, which can be used to construct the following 
explicit parametrisation of all SUSY Mkw solutions 


Og — —3 o2 T &3 -I- &3 -I- 2 c 3 — — C 3 — — 2 ciQ — 2 (ig -|- d2 , 

Og = 3 ci 2 T 36) — 6 ) — C\ -\- 2c) — C 3 -I- 2c) -|- dg — 2(i) -|- d 2 — 2d) , 

02 = —o) — T 1^3 T i^3 — — *^3 — dg -|- d) , 

61 = 6 ) -l- ^63 — ^63 + do — d) -|- d 2 — d '2 , 

Oi = —103 — — 62 -|- h '2 + |cg -|- |c) -|- |c 2 — |c) — |di -|- |d) — |d 3 -|- |d) , 

= i ®3 “ + ^2 “ |co -h |c'o - ^C 2 fc) - ^di -h |d) - \d‘i + |d) , 

CI 3 = — CI 3 — 6q — 362 2 cq “h 2 cq — C 2 — C 2 — H“ 2d^ — 4 ( 1 ^ — , 


bo = + 362 — 362 + 3(ii — 3d[ + 3ds — 3d'^ 


(A.2) 

Please note that the above SUSY Mkw solutions generically (he. for arbitrarily chosen 
values of the 24 parameters) have all six real scalars stabilised with a positive mass. Due 
to the theorem in ref. [2], such non-degenerate SUSY Mkw points are isolated in the sense 
that they cannot be continuously deformed by breaking SUSY into e.g. dS solutions. This 
automatically implies that the SUSY Mkw that our stable dS can approach in the small-e 
limit will always by construction be of the degenerate type, he. with two flat directions. 
Such directions acquire a mass when deforming the SUSY Mkw point into dS and hence 
exactly coincide with the sGoldstini directions. 


B Classification of no-scale Mkw solutions 

Traditional no-scale supergravity models are naturally constructed within type IIB com- 
pactihcations with both NS-NS and R-R gauge fluxes and yield a superpotential of the form 
(2.5), which has the special feature of being completely independent of the Kahler modulus 
T. Such GKP-like backgrounds produce stable Mkw solutions up to the two real directions 



sitting in T which remain totally flat. Moreover, upon imposing a special degeneracy condi¬ 
tion on the fluxes, it is actually possible to obtain exceptional no-scale models with an extra 
massless mode. In every no-scale model, SUSY is naturally broken by large amounts in the 
T direction, whereas Fs & Fu stay zero. 

In this appendix we present a class of STU-superpotentials that generalises that in (2.5) 
and still retains all the above defining features of a no-scale, except they have some T- 
dependence, contrary to (2.5). We will refer to these models as generalised no-scale models. 
The most general Mkw solutions of the no-scale type within these models can be parametrised 
in terms of 10 arbitrary real fluxes as 

a'o = Cl - 2 d'o , Co = -b'^ 

n' — —Xrl r' — l/i' — 1,^ 

’ U 2^0 2 ^^ ’ 

02 = bi 2dQ — I Cl — |(i 2 ) Cl = Cl — 3(io T <^2 , 

02 = -\d2 , C 2 = l&o - d'l - ^di , 

a'o = -\h'Q + d'^ - \di , c '2 = -d'l 

60 = —03 — &o + di , C 3 = ^2 — 2 dQ , (B.l) 

6 'i = |ci , C 3 = d'o 

62 = —oi — fd'i , do = Cl — 2 do , 

^2 = - \d'i - \di > d'2 = Cl- 3 do -h ds 

bz = do — 2dQ , ds = — l&o + d\ — |di , 

63 = 2 do — d 2 , dg = ^di — | 6 o 

The above Mkw solutions generically have two massless directions, but by imposing some 
extra flnetuning condition, one can recover the degenerate case of a special no-scale Mkw 
solution with three flat directions. By deforming these Mkw points (be. by turning on a 
small e), one can construct dS solutions which lie arbitrarily close to them, both in the case of 
a generic and in the case of a degenerate no-scale point and in either case the aforementioned 
flat directions get lifted by e-correct ions. 
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